Bowing of the interventricular septum (IVS) is a sign of severe pulmonary embolism (PE); however, it is affected by high interobserver variability. The aim of the study was to evaluate the application of volumetric reconstructions of the right ventricle for assessment of IVS position regarding its accuracy in identifying right ventricular dysfunction, as well as interobserver agreement in evaluating this sign. IVS bowing was evaluated with multiplanar reformations (MPR) and volumetric reconstruction (VR, volume rendering) by 2 observers. The accuracy of IVS bowing sign was better for VR-based assessment; however, it was not significantly better than the MPR-based evaluation. Interobserver agreement was found to PE. (Folia Morphol 2013; 72, 2: 107-112) 
INTRODUCTION
Acute pulmonary embolism (PE) is among the most common causes of cardiovascular mortality, preceded by acute coronary syndromes and stroke [6] . However, as the clinical symptoms and signs in patients with PE may mimic multiple cardiovascular or pulmonary conditions, imaging methods have become one of cornerstones in the diagnostic process in this group of patients, with computed tomography pulmonary angiography (CTPA) becoming the gold--standard in the imaging of suspected PE.
CTPA allows concurrent visualisation of both pulmonary arteries with the exact localisation of the obstruction site, as well as heart chambers and mediastinal vessels. Identification of right ventricular dysfunction (RVD) allows for a better risk stratification in patients with acute PE [17] .
Bowing of the interventricular septum (IVS) is one of the signs of RVD that has been adapted from echocardiography; however, it is affected by high interobserver variability [2, 9] . It is known to occur in cases of severe pulmonary artery systolic pressure (PASP) increase; therefore, it allows identification of patients at particularly high risk. The aim of the study was to evaluate the feasibility of volumetric reconstruction (VR, volume rendering) of the right ventricle for improved utilisation of this sign.
MATERIALS AND METHODS
The institutional ethical review board approved the protocol of the study with a waiver of informed consent -decision no: KE-0254/41/2011. For the purpose of this retrospective study, we identified 60 consecutive patients with CTPA confirmed acute PE, in whom echocardiographic examination with PASP assessment was performed within 12 h from CT scanning. The CTPA studies were performed with a 64-row VCT scanner (GE Medical Systems), with a standard protocol used at our institution, which includes craniocaudal scanning of the chest with collimation of 0.625 mm, SmartPrep adjustment of injection time of 70 mL of iodinated contrast medium (Ultravist 370, Schering AG, Germany) administered with a flow rate of 4-5 mL/s, followed by injection of 40 mL NaCl bolus.
Advantage Workstation 4.3 (GE Healthcare Systems) was used for processing of the examinations, which were reviewed independently by 2 readers with 7 years and 5 years of experience with cardiothoracic CT analysis. The image settings were individually adjusted by the readers to optimise the display of pulmonary arteries and cardiac chambers. The readers were blinded to PASP values.
Pulmonary arteries obstruction was scored according to Qanadli et al. [14] . The maximum short axes of the right (RV) and left ventricles (LV) were measured in a 4 chamber view, according to Quiroz et al. [15] . The position of the IVS was evaluated and classified as normal (convex toward the RV), flattened, or convex toward LV. VR reconstructions of the RV were prepared on the same workstation. A volumetric analysis session was performed two weeks after the primary analysis and included visual assessment of the medial wall of the RV, visualised by means of VR. The readers were allowed to rotate the volumetric reconstructions to best visualise the spatial configuration of the medial wall of the RV. No additional measurements were taken during the volumetric analysis session.
An interrater reliability analysis using the kappa statistic was performed to determine the consistency among observers for multiplanar and volumetric identification of IVS position. The kappa values were 
RESULTS
The study group consisted of 60 patients, median age 71 (range 26-89) years. Median Qanadli score was 18 (range 2-38) points, and the RV/LV ratio was 1.13 (0.7-2.19). Median PASP value was 40 (26-70) mm Hg. Two patients died in the 30-day period following the PE diagnosis.
Overall interobserver agreement for describing the IVS position by means of MPR reconstructions was fair: for classification as normal, flattened or bowed was it was 0.333, while for identification of normal vs. abnormal configuration of IVS it was 0.381. Visual assessment of the medial wall of the RV by means of volume rendering reconstruction was characterised by good interobserver agreement, 0.559 and 0.629, respectively. MPR and VR-based visualisation of IVS are presented in Figures 1 and 2 . Detailed results of both grading methods are presented in Table 1 .
The position of the IVS was compared with PASP values for the MPR and VR methods by both observers. VR assessment was characterised by a larger area under the ROC curve, which shows its higher accuracy as compared with the MPR-based identification (Fig. 3) ; however, the difference of areas was not statistically significant. Furthermore, obstruction score, RV/LV ratio, and PASP values were compared between patients with normal and abnormal position of IVS in 3-dimensional assessment, VR(-) and VR(+) groups, respectively, to show the reliability of this visualisation method. The accuracy of the IVS position assessment with MPR-based method for observers 1 and 2 was 72% and 64%, respectively, and for VR-based method it was 65% and 68%, respectively. Areas under the ROC curve (AUC), and the specificity and sensitivity of the above-mentioned parameters were calculated with regard to IVS bowing and are presented in Table 2 .
DISCUSSION
Pulmonary hypertension and RV overload may occur in the course of acute PE, as a result of both mechanical and humoral effects of pulmonary obstruction. The RV is characterised by a different structure than the left one, including its wall thickness, contractility, and tolerance of after-and preload changes. Its geometry makes it poorly tolerant to acute changes of afterload. Configuration of the IVS changes with the increase of RV pressure in patients with severe pulmonary obstruction [8] , as a result of elevated RV pressure and increased RV volume. As the heart is covered by inelastic pericardium, changes in RV pressure and size (which may be accompanied by acute tricuspid regurgitation), as well as IVS configuration affect LV: LV size and compliance are decreased, which reduces the LV preload and stroke volume, which may result in systemic hypotension. Echocardiographic assessment [8] of IVS shows that in massive PE circulatory failure is mediated through a profound decrease in LV preload, resulting from both pulmonary outflow obstruction and reduced LV diastolic compliance. As a result of this complex process, RV failure and ischaemia may lead to further complications, including ventricular infarction, shock, cardiac arrest, and death.
The IVS shift in CTPA was first reported by Oliver et al. [13] , as an "old sign revisited", as one of the echocardiography-derived accessory signs of RVD in the course of acute PE. However, even in this first report, the authors confirm the subjective nature of this sign, both in echocardiography and CT. They also admit the obvious limitation of CT, which is the susceptibility to the motion artefacts. We also observed a significant number of heart motion artefacts, which may influence both MPR and VR methods. Although we lacked heart rate values during the examination to further analyse possible correlation, we observed the effect of motion artefacts on the discrepancy of the MPR-based assessment of IVS position, as presented in Figure 4 .
Several studies have been published on the clinical implications of IVS bowing sign, with discrepancies regarding the relation with mortality, and with low kappa values for interobserver agreement.
Araoz et al. [2] reported bowing of IVS to be predictive of death due to PE with low sensitivity of about 20% and specificity of almost 90%. Their report draws attention to fair interobserver variability (kappa 0.54) of IVS bowing, as well as discrepancy in the relation between IVS bowing and short-term mortality: there was a significant relation only in 2 out of 3 observers, with odds ratio of about 2. In our study group, only 2 patients died in the hospitalisation period; therefore, we did not perform statistical analysis of IVS bowing frequency between survivors and non-survivors. In our study, the interobserver agreement of MPR-based assessment of IVS position was also low. Therefore, improvement of this agreement by VR-based method seems to be a promising modification. Kang et al. [9] report an interobserver reproducibility of describing the position of the ventricular septum as ranging between fair (kappa = 0.32, 95% CI 0.090-0.551) to moderate (kappa = 0.44, 95% CI 0.220-0.685), which is comparable to our results. In their population, the occurrence of IVS bowing was 18% and 8% for respective observers, which is lower than in our study as well as other reports (23% in the study group of Araoz et al. [2] ; 21% in the report by van der Meer et al. [18] ). Van der Meer et al. [18] did not find a relationship between the IVS position and PE-related mortality. They observed abnormal shape of IVS in all patients with severe RVD; however, they defined RVD as an increased RV/LV ratio. A lack of correlation with mortality was also observed by Ghaye et al. [5] , who observed IVS bowing in 23% of survivors and 25% of non-survivors, or more recently by Moroni et al. [12] and Heyer et al. [7] .
Collomb et al. [4] observed flattening of IVS in 60% of patients with severe PE (defined on the basis of clinical status), and almost 14% of non-severe PE, while bowing of IVS occurred only in severe PE patients in 15% of cases. More recently, Zhao et al. [19] confirmed this frequency in a group of 73 patients, with abnormal position of IVS in 68% of patients with severe PE and 12% of patients with non-severe PE. In a more recent study, Kang et al. [10] showed that IVS bowing is significantly related with adverse outcomes (hazard ratio: 2.07, p = 0.007), but not with early mortality.
There are several limitations to the presented study. The limited size of the study group results in a lack of correlation of IVS bowing with mortality. Furthermore, because of the retrospective character of the study, we did not have access to patients' heart rate values at the examination, which could give useful information on their influence on the artefacts. Heart motion artefacts could be avoided with ECG-gated scanning. However, Lu et al. [11] suggest that the clinical usefulness of the information gained with ECG--gating does not justify its routine use. Furthermore, our aim was to use the most widespread diagnostic modality, which is why we did not introduce the computer aided diagnosis system, which may influence the interobserver agreement [3] . Recently, interest in the application of dual-source CT for identification of PE severity has increased, also with assessment of time required for perfusion defect scoring, which appears to be less time-consuming than scoring of obstruction of pulmonary arteries [16] .
CONCLUSIONS
Our paper confirms the potential of the clinical implications of IVS shift observed in patients with acute PE. Significant improvement of interobserver agreement may help improve utilisation of IVS shift; however, a method for objective identification of IVS position could possibly help increase the accuracy of this sign. 
